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AMENDED CLAIMS 
[received by the International Bureau on 24 January 2000 (24.01.00); 
Original claims 1, 29, 35-39, 46, 47, 50-52, 54-56, 60, 74, 80 and 82 amended; 
remaining claims unchanged ( 1 3 pages)] 

1. A composition comprising: 

an immunostimulatory nucleic acid having a sequence including at least the 
5 following formula: 

5 f Xi X2CGX3X43' 

wherein C is unmethylated, wherein X u X 2 , X 3 and X* are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have S chirality. 

10 2. The composition of claim 1 , wherein X i X 2 are nucleotides selected from 

the group consisting of: TpA, ApA, ApC, ApG, and GpG. 

3. The composition of claim 1, wherein X3X4 are nucleotides selected from 
the^group consisting of: TpT, TpA, TpG, ApA, ApG, GpA, and CpA. 

' 4^ The composition of claim 1, wherein X1X2 are nucleotides selected from 
1 5 the group consisting of: TpT, TpG, ApT, GpC, CpC, CpT, TpC, GpT and CpG; X 3 is 
t a nucleotidcselected from the group consisting of A and T and X4 is a nucleotide, but 
wherein: when X,X 2 is TpC, GpT, or CpG, X3X4 is not TpC, ApT or ApC. 

5. The composition of claim 1, wherein the immunostimulatory nucleic acid is 
double stranded. 

20 6. The composition of claim 1, wherein less than all of the nucleotides have a 

backbone modification. 

7. The composition of claim 1, wherein less than all of the chiral centers have 
S chirality. 

8. The composition of claim 1 , wherein at least 50% of the nucleotides have 
25 backbone modifications. 
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9. The composition of claim 1, wherein at least 75% of the nucleotides have 
backbone modifications. 

10. The composition of claim 1, wherein at least 90% of the nucleotides have 
5 backbone modifications. 

1 1 . The composition of claim 1 , wherein at least 60% of the chiral centers 
have S chirality. 

12. The composition of claim 1, wherein at least 75% of the chiral centers 
have S chirality. 

10 13. The composition of claim 1, wherein at least 90% of the chiral centers 

have S chirality. 

14. The composition of claim 1, wherein the immunostimulatory nucleic acid 
is single stranded. 

15. The composition of claim 1, wherein the immunostimulatory nucleic acid 
15 has a sequence including at least the following formula: 

S'TCNTTOCGX^S* 
wherein N is a nucleic acid sequence composed of from about 0-25 nucleotides. 

1 6. The composition of claim 1 , wherein the composition includes 
immunostimulatory nucleic acids having identical sequences. 

20 1 7. The composition of claim 1 , wherein the composition includes 

immunostimulatory nucleic acids having at least two different sequences. 

18. The composition of claim 17, wherein the at least two sequences include 
B-cell activating sequence and an NK cell activating sequence. 

19. The composition of claim 1, wherein the nucleic acid has less than or 
25 equal to 100 nucleotides. 
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10 



20. The composition of claim 1, wherein the nucleic acid has between 8 and 
40 nucleotides. 

21. The composition of claim 1, further comprising an antigen. 

22. The composition of claim 1, further comprising a cytokine. 

23. The composition of claim 22, wherein the cytokine is selected from the 
group consisting of GM-CSF, IL-4, IL-18, IFNa, TNFa, FIG ligand, and IL-3. 

24. The composition of claim 1, further comprising an antiviral. 

25. The composition of claim 1, further comprising an antibacterial. 

26. The composition of claim 1, further comprising a non-nucleic acid 
adjuvant. 

27. The composition of claim 1, wherein the composition is formulated as a 
sustained release device. 

28: The composition of claim 1, wherein the CpG formula is a palindrome. 

15 29: A* composition comprising: 

a double stranded immunostimulatory nucleic acid having a sequence on one strand 
s including at least the following formula: 

5' Xi X2CGX3 X4 3' 

wherein C is unmethylated, wherein X„ *. X 3 and X* are nucleotides, wherein at 
20 least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have S chirality. 

30 The composition of claim 29, wherein X,X 2 are nucleotides selected from 
the group consisting of: GpT, GpG, G P A, ApA, ApT, ApG, CpT, CpA, CpG, TpA, 
TpT, and TpG. 

25 



AMENDED SHEET (ARTICLE 19) 



WO 00/06588 



-68- 



PCT/US99/17100 



3 1 . The composition of claim 29, X3X4 are nucleotides selected from the 
group consisting of:TpT, CpT, ApT, TpG, ApG, CpG, TpC, ApC, CpC, TpA, ApA, 
and CpA. 

5 32. The composition of claim 29, wherein X,X 2 are nucleotides selected from 

the group consisting of: GpT, GpG, GpA and ApA; and X3X4 are nucleotides selected 
from the group consisting of: TpT, CpT and ApT. 

33. The composition of claim 29, wherein less than all of the nucleotides have 
a backbone modification. 
10 34. The composition of claim 29, wherein less than all of the chiral centers 

have S chirality. 

35. A method of inducing an antigen-specific immune response in a subject 
comprising: 

administering to a subject an antigen and an immunostimulaiory nucleic acid 
15 > having a sequence including at least the following formula: 

wherein C is unmethylated, wherein X,, X 2 , X 3 and X4 are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have S chirality, in an amount effective to 
20 induce an antigen- specific immune response. 

36. A method for redirecting a subject's immune response from a Th2 to a 
Thl comprising: 

administering to a subject an immunostimulatory nucleic acid having a 
sequence including at least the following formula: 
25 5'X,X 2 CGX3X4 3' 
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wherein C is unmethylated, wherein X,, X 2 , X 3 and X4 are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have S chirality, in an amount effective to 
redirecting the subject's immune response from a Th2 to a Thl. 



37. A method for treating asthma in a subject, comprising: 

administering to an asthmatic subject an effective amount for treating asthma 
in the subject of an immunostimulatory nucleic acid having a sequence including at 
1 0 least the following formula: 5' X| X 2 CGX 3 X4 3' 

wherein C is unmethylated, wherein X,, X 2 , X 3 and X4 are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have S chirality. 

38. -Amethod for desensitizing a subject against the occurrence of an allergic 
15 ^reaction -^response to contact with an allergen, comprising administering to a subject 

an immunostimulatory nucleic acid having a sequence including at least the following 

••^formula: 

5'X,X 2 CGX 3 X4 3' 

-..wherein C is unmethylated, wherein X,, X 2 , X 3 and X4 are nucleotides, wherein at 
20 least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have S chirality. 

39. A method for activating an immune cell, comprising: 
isolating an immune cell from a subject, 

contacting the immune cell with an effective amount to activate the immune 
25 cell of an immunostimulatory nucleic acid having a sequence including at least the 
following formula: 
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5'X,X 2 CGX 3 X4 3' 

wherein C is unmethylated, wherein X,, X 2 , X 3 and X, are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
5 and wherein a plurality of the chiral centers have S chirality, and 

readministering the activated immune cells to the subject. 

40. The method of claim 39, wherein the immune cell is a lymphocyte. 

41. The method of claim 40, further comprising contacting the immune cell 
with an antigen. 

10 42. The method of claim 41, wherein the antigen is selected from the group 

consisting of: a tumor antigen, a viral antigen, a bacterial antigen, and a parasitic 
antigen. 

43. The method of claim 39, wherein the immune cell is a dendritic cell. 

44. The method of claim 43, wherein the dendritic cell expresses a cancer 
15 antigen. 

45. The method of claim 44, wherein the dendritic cell is exposed to the 
cancer antigen ex vivo. 

46. A method for activating a dendritic cell, comprising: 

contacting a dendritic cell with an effective amount to activate a dendritic cell 
20 of an immunostimulatory nucleic acid having a sequence including at least the 
following formula: 

wherein C is unmethylated, wherein X,, X 2 , X 3 and X, are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
25 and wherein a plurality of the chiral centers have S chirality. 
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47. A method for treating a cancer, comprising: 

administering to a subject having a cancer an effective amount for treating the 
cancer of an immunostimulatory nucleic acid having a sequence including at least the 
following formula: 

5' X, X 2 CGX 3 X4 3' 

wherein C is unmethylated, wherein X,, X 2 , X 3 and X, are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have S chirality. 

48. The method of claim 47, wherein the method is method for increasing the 
responsiveness of a cancer cell to a cancer therapy and wherein the 
immunostimulatory nucleic acid is administered in conjunction with an anti-cancer 

therapy. 

^49*The ! method^f claim;48, wherein the anti-cancer therapy is an antibody. 

" 50. A method for enhancing recovery of bone marrow in a cancer therapy 
subject, comprising: 

administering to a subject undergoing or having undergone cancer therapy 
which damages the bone marrow an effective amount for enhancing the recovery of 
bone marrow of an immunostimulatory nucleic acid having a sequence including at 
least the following formula: 

5' X,X2CGX 3 X4 3' 

wherein C is unmethylated, wherein X,, X 2 , X 3 and X4 are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have S chirality. 

5 1 . In a method for stimulating an immune response in a subject having a 
cancer, the method of the type involving antigen dependent cellular cytotoxicity 
(ADCC), the improvement comprising: 
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administering to the subject an immunostimulatory nucleic acid having a 
sequence including at least the following formula: 

S'X^CGXj^' 

5 wherein C is unmethylated, wherein X,, X 2 , X 3 and X> are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have S chirality. 

52. A method for inducing cytokine production in a subject comprising 

administering to the subject an effective amount to induce a cytokine in the 
10 subject of an immunostimulatory nucleic acid having a sequence including at least the 
following formula: 

5' X, X2CGX3 X» 3' 

. wherein C is unmethylated, wherein X,, X 2 , X 3 and X4 are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
1 5 and wherein a plurality of the chiral centers have S chirality. 

53. The method of claim 52, wherein the cytokine is selected from the group 
consisting of 11-6, 11-12, IL18 TNF, IFN a and IFN-y. 

54. A method of stimulating natural killer cell lytic activity comprising 

exposing a natural killer cell to an immunostimulatory nucleic acid to 
20 stimulate natural killer cell lytic activity, the immunostimulatory nucleic acid having a 
sequence including at least the following formula: 

5' X, X2CGX3 X, 3' 

wherein C is unmethylated, wherein X,. X 2 , X 3 and X4 are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
25 and wherein a plurality of the chiral centers have S chirality. 
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55. A method of inducing a Thl-type immune response in a subject, 
comprising: 

administering to the subject in order to induce a Thl immune response a 
combination of adjuvants, wherein the combination of adjuvants includes at least one 
5 immunostimulatory nucleic acid having a sequence including at least the following 
formula: 

5' X, X 2 CGX 3 X4 3' 

wherein C is unmethylated, wherein X|, X 2 , X 3 and X4 are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
1 0 and wherein a plurality of the chiral centers have S chirality, and at least one noh- 
nucleic acid adjuvant, and wherein the combination of adjuvants is administered in an 
effective amount for inducing a Thl-type immune response. 

56. A method for inducing a mucosal immune response, comprising: 

administering to a mucosal surface of a subject an effective amount for 
1 5 inducing a mucosal immune response of an immunostimulatory nucleic acid having a 
- sequence including at least thetfollowing formula: 

5' X, X2CGX3 X4 3' 

wherein CJ.s ^unmethylated, wherein X|, X 2 , X 3 and X 4 are nucleotides, wherein at 
vleast* two nucleotides have a phosphate backbone modification forming a chiral center 
20 and wherein a plurality of the chiral centers have S chirality, and 

exposing the subject to an antigen to induce the mucosal immune response. 

57. The method of claim 56, wherein the antigen is not encoded in a nucleic 
acid vector. 

58. The method of claim 56, wherein the antigen is encoded by a nucleic acid 

25 vector. 

59. The method of claim 56, wherein the mucosal surface is selected from the 
group consisting of an oral, nasal, rectal, vaginal, and ocular surface. 



AMENDED SHEET (ARTICLE 19) 



WO 00/06588 PCT/US99/17100 

-74- 

60. A composition comprising: 

an immunoinhibitory nucleic acid having a sequence including at least the 
following formula: 
5 5'X,X 2 CGX3X4 3' 

wherein C is unrnethylated, wherein X,, X 2 , X 3 and X* are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have R chirality. 

61 . The composition of claim 60, wherein X,X 2 are nucleotides selected from 
1 0 the group consisting of: TpA, ApA, ApC, ApG, and GpG. 

62. The composition of claim 60, X3X4 are nucleotides selected from the 
group consisting of: TpT, CpT, TpA, TpG, ApA, ApG, GpA, and CpA. 

63. The composition of claim 60, wherein X,X 2 are nucleotides selected from 
the group consisting of: TpT, TpG, ApT, GpC, CpC, CpT, TpC, GpT and CpG; X 3 is 

15 a nucleotide selected from the group consisting of A and T and X4 is a nucleotide, but 
wherein when X,X 2 is TpC, GpT, or CpG, X3X4 is not TpC, ApT or ApC. 

64. The composition of claim 60, wherein the immunoinhibitory nucleic acid 
is double stranded. 

65. The composition of claim 60, wherein less than all of the nucleotides have 
20 a backbone modification. 

66. The composition of claim 60, wherein less than all of the chiral centers 
have R chirality. 

67. The composition of claim 60, wherein at least 50% of the nucleotides 
have backbone modifications. 

25 68. The composition of claim 60, wherein at least 75% of the nucleotides 

have backbone modifications. 
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69. The composition of claim 60, wherein at least 90% of the nucleotides 
have backbone modifications. 

70. The composition of claim 60, wherein at least 60% of the chiral centers 
5 have R chirality. 

71. The composition of claim 60, wherein at least 75% of the chiral centers 
have R chirality. 

72. The composition of claim 60, wherein at least 90% of the chiral centers 
have R chirality. 

10 73. The composition of claim 60, wherein the immunoinhibitory nucleic acid 

is single stranded. 

74. A composition comprising: 

a double stranded immunoinhibitory nucleic acid having a sequence on one 
strand including at least the following formula: 
15 5'X,X2CGX 3 X4 3' 

wherein C is unmethylated, wherein X„ X 2 , X 3 and X4 are nucleotides, wherein at 
-least ^nucleotides have a phosphate backbone modification forming a chiral center 
.and wherein a plurality of the chiral centers have R chirality. 

75. The composition of claim 74, whereinX,X 2 are nucleotides selected from 
20 the group consisting of: GpT, GpG, GpA, ApA, ApT, ApG, CpT, CpA, CpG, TpA, 
TpT, and TpG. 

76 The composition of claim 74, X3X4 are nucleotides selected from the 
group consisting of: TpT, CpT, ApT, TpG, ApG, CpG, TpC, ApC, CpC, TpA, ApA, 
and CpA. 

25 



AMENDED SHEET (ARTICLE 19) 



WO 00/06588 PCT/US99/17100 

-76- 

77. The composition of claim 74, wherein X,X 2 are nucleotides selected from 
the group consisting of: GpT, GpG, GpA and ApA; and X3X4 are nucleotides selected 
from the group consisting of: TpT, CpT and ApT. 
5 78. The composition of claim 74, wherein less than all of the nucleotides have 

a backbone modification. 

79. The composition of claim 74, wherein less than all of the chiral centers 
have R chirality. 

80. A method of preventing an immune response in a subject comprising: 

10 administering to a subject having an excessive immune response an 

immunoinhibitory nucleic acid having a sequence including at least the following 
formula: 

5'X,X2CGX 3 X4 3* 

wherein C is unmethylated, wherein X,,- X 2 , X 3 and* are nucleotides, wherein at 
1 5 least two nucleotides have a phosphate backbone modification forming a chiral center 
and wherein a plurality of the chiral centers have R chirality, in an amount effective to 
prevent an immune response. 

81. The method of claim 80, wherein the subject having an excessive immune 
response is a subject who has received an immune stimulating compound. 

20 82. A method for treating a subject comprising: 

administering to a subject having or at risk of having an inflammatory disease 
an immunoinhibitory nucleic acid having a sequence including at least the following 
formula: 

5' X,X 2 CGX 3 X4 3' 

25 wherein C is unmethylated, wherein X,, X 2 , X 3 and X4 are nucleotides, wherein at 
least two nucleotides have a phosphate backbone modification forming a chiral center 
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and wherein a plurality of the chiral centers have R chirality, in an amount effective to 
prevent induction of an immune response. 

83. The method of claim 82, wherein the inflammatory disease is selected 
form the group consisting of inflammatory bowel disease, autoimmune disease, 
gingivitis, psoriasis, and sepsis. 

84. The method of claim 1, wherein the nucleic acid has a sequence including 
at least the formula GTCGTX4. 

85. A method for inducing antigen non-specific innate immune activation and 
broad spectrum resistance to infectious challenge 
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